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Thermal Design for KOMPSAT-2 Propulsion System
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Abstract

Thermal design for KOMPSAT-2 propulsion system has been performed. Overall design requirements and
the constitution for propulsion system is described. To meet the thermal design requirements, both a primary
and a redundant heater circuit, each with two thermostats placed in series, will protect each hydrazine-wetted
components, even if one heater circuit fails to operate. Heater power is tumed off if any one of these
thermostats is opened at its higher setpoint. Thus, even if one thermostat is failed closed, the second
thermostat will turn off the heater. All such components shall be insulated with MLI. Propulsion heater sizing
based on the constant worst cold case condition is conducted through thermal analysis. All heaters selected for
propulsion components operate to prevent propellant freezing satisfying the thermal requirements for the
propulsion subsystem over the worst case average voltage, i.e. 25 volts.
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Fig. 1 KOMPSAT-2 propulsion system design schematic
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Table 1 Boundary conditions used in thermal analysis

o CompO: |y ugter Vaives "JZZ".,!LTdk Parts of Components
Cold Case
Conduction| - 13°C (9°F) -10°C (14°°F) NiA
Radiation| - 13°C (9 °F) -10°C (14 °F) - 273 °C (- 460 °F)
Hot Case
Conduction| +43°C (110°F) | +43°C (110°F) N/A
Radiation| + 43 °C (110 °F) +43°C (110 °F) Q = 2 x Direct Solar Flux
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Table 2 Estimation of heater power
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Condition vy us W) Wi w1 ™ W)
Fi 0
o Ful 366 i e s Lol
Empty 164 u 108
b 00
Primary - Full 36l 1 b0 ™ o1
Enable Empty 431 U 108
()
34 Full 376 | 500 24 oo
Empty 4350 [ 108
0
s Full 260 | [ 6 095
Empty 420 0 096
Redundant 2 Full 249 i .00 s 005
Enable Empty 350 o 093
)
. Full 750 | 000 L6 00
Empty 393 [ 094

2 44 B3E AoF o
ol 2% 49T(20°F)E gA Tolot 3

e FZA HA9 Hu FHELLEE 38CT(100F)S
|R Zolof Fht},

ojg} e GAHA L7xUE UFIy] 9
5% g4l o](active thermal control) W o8 7+ B

Foll AEs 839 3HE P2 (patch heater)sto]
SEE Aojsln, ojzigt 3s|E 9 Hu 3L FE
(dutyy= 70%°]tt. E3F A 24 =L 7 (over-
temperature)l| 3 A= ©U A F A(single fault
tolerance)S 23t}

32 f4A Fogw

H
_)L
X
uf
i,
e
i
X,
fo
-
BN
N

lo
iz
I
>
N
A3
=)

A T & SlE 2t AEEA grax
b =% ¥WE dd" F(primary) ¢
(redundant) 31E}7} 2t F704] #8 RESS

371 fsiA AMg " agla ¢ sl g29
el AR 2E(thermostatyo] 2 AARATH 3)E
T ol HEXAY F ok shtE H3 AXUE
(setpoint)oll A ALE @ ARG, ==z Y
T AR2Hol 2 2Fo 93l A 23 duigtx
o2 HE28o] sl JHE ¥ & gk 9
4 FIANZHY FFAE F AW EZH(primary
thermostat)?] ZE2% HAYE  11TGEZF)NA
18C(65°F)el™ oo W E A (redundant thermostat)

o] FEXE WA= 7CHASF)NA 17T(63°F)o) ot

B FAANARY AMEHE ZE RESRT 2
d FEQ 4EEEY) 1 F Ao dFY BA}
23] 2(radiation shield) §&-¢ d= gSwtad
Al (multi-layer insulation, ML) 2 74 ©g A 71 o},

22 (hot conditiom| A= FZA FEFE|
Fad 3Est AFEA gg Aon FIARE
(propulsion component)d] #H31 2= FI A

exE FreiRE, 337
o

N
-
>
(of
)
pa)
2
ui

. olg} 7 olfE

(constant worst cold case condition)ol] gl ¥

AHekg 7Eg
2 =FodME o5

AHEE e 1A RE

2EE -13¢C
4 2 Zol AMRHE wiEE A9
FHot FFAYLE 131V olth. Hotxzo 21 7Y
o wiejel ol n W B Hot 29 s
A AstE 151V 2 dFHA o9 Ze =7
ol N, JAREF dHGAAM Y Hotzd Hy
AL 26V 2 ARER 2T, o] 26V & HAEA
(satellite bus)®] 3B HAE 93 JAHEA AlaH
FFo Aoz FHHAG 2t FAA A
£ 2o 443 FIREL slE dAE s F
AA HesHs HE AT 25V E
ig=
33 YMAE 9 el ey
B AdToMe daid =7 48 LZEY
ojojn A4 D4 HEE(tool)s] TAS®(Thermal
Analysis System)& A&3l3tt. TAS & HFT &%
ull 7} ¥ = ¥ (lumped parameter approach)& A3}

2
I
Y
i
o

o

-79-



Temperature [F]

Time {hour}
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Fig.2 Latching isolation valve module: (a) solid
model and nodes; (b) transient thermal response
with primary heater circuit enabled
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Fig. 3 Fill and drain valve module: (a) solid model and
nodes; (b) transient thermal response with
primary heater circuit enabled
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Pxdcr-dissipation, Pri. T/S ON, V (S/C) = 25V

Temperature [F]
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No Pxdcr-dissipation, Pri. T/S ON, V (SIC) =25V
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Fig. 4

Filter and pressure transducer module: (a) solid

model and nodes; (b) transient thermal response
with primary heater circuit enabled and continuous
1 W dissipation assumed in pressure transducer;

(c) pressure transducer failed to operate
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Fig. 5 Propellant tank: (a) solid model and nodes; (b)
transient thermal response with primary heater
circuit enabled and half-full of hydrazine in
propellant tank; (c) empty propellant tank
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